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 摘要 
1 
摘 要 
作为重要的核酸检测技术，实时定量 PCR 因其快速准确、灵敏特异、均相
检测不易污染、易于实现自动化等优点在分子生物学和医学研究等热门领域有
着非常广泛的应用。多年来，关于基因突变定量检测技术的研究不断推陈出新，
但是这些方法经常存在操作繁琐、通量低等不足之处。针对这个问题，我们对
多色熔解曲线分析技术展开研究，评估该技术在基因突变定量检测中的性能。 
第一章，我们介绍了实时定量 PCR 技术的概念和原理，同时介绍了实时定
量 PCR 在基因突变定量检测中的应用以及它们的优缺点。最后提出本论文的主
要研究内容和创新点。 
第二章，以线粒体疾病为检测对象，利用多色熔解曲线分析技术建立了两
管多重检测体系用于 mtDNA 点突变异质性水平的定量分析，实现两个反应同
时定量七个点突变的异质性水平，包括 m.3243A>G、m.3460G>A、m.8344A>G、
m.8993T>G/C、m.11778G>A、m.13513G>A、m.14484T>C 这七个常见的致病性
突变。两管多重体系的选择性均能达到 5%，且在模板加入量为 0.75 ~ 120 ng/
反应的范围内稳定性良好，回收试验展现了体系的准确性和可靠性。临床标本
检测结果表明多色熔解曲线分析技术的准确度与数字 PCR 接近，同时我们也发
现了 mtDNA 突变异质性水平和线粒体疾病发病年龄之间的关联，可用于指导
临床。 
第三章，选择脊髓性肌萎缩症作为检测对象，利用多色熔解曲线分析技术
建立了两管双重检测体系，用于检测 SMA 疾病相关的 SMN1 基因和 SMN2 基因
的 7 号外显子和 8 号外显子的拷贝数，实现了在一个通道内同时检测 SMN1、
SMN2 和 RPP30 三个基因。体系特异性强、稳定性好、检测结果准确且成本低
廉、操作方便，适合用于临床上的脊髓性肌萎缩症患者和携带者筛查。 
 
关键词：多色熔解曲线分析；mtDNA 异质性定量；SMN 拷贝数变异
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2 
Abstract 
Quantitative real-time PCR (qPCR) has been widely used in molecular biology 
and medical research fields owing to its efficiency, accuracy, sensitivity, specificity, 
homogeneous detection and high degree of automation. However, quantitative 
detection of mutation is still challenging due to extremely high specificity required for 
this aim. Current methods mostly suffer from tedious operations, low throughput or 
other drawbacks. In this dissertation, we systemically explored the ability of 
multicolor melting curve analysis (MMCA) in quantitative detection of mutations. 
In the first chapter, the concept and principle of quantitative real-time PCR were 
described. The applications of quantitative real-time PCR in mutation quantification 
and their advantages and disadvantages were discussed. Finally, the research aim and 
innovation of this dissertation were proposed. 
In the second chapter, we chose mitochondrial diseases to study the use of 
MMCA in quantification of single nucleotide variation (SNV). We developed two 
multiplexing systems to quantify the heteroplasmic level of seven common mtDNA 
mutations, including m.3243A>G, m.3460G>A, m.8344A>G, m.8993T>G/C, 
m.11778G>A, m.13513G>A and m.14484T>C. Our MMCA assay could 
quantitatively detect these mutations from 5% to 80% in the range of 0.75 ~ 120 ng 
mtDNA per reaction. The results of recovery test demonstrated the reliability of 
MMCA. Moreover, a comparison study with qPCR and digital PCR demonstrated that 
the results of our method were closer to dPCR than qPCR method. From the detection 
results of 41 patients samples harbouring m.3243A>G mutation, we observed that 
high levels of heteroplasmy were responsible for early onset of mitochondrial diseases. 
In the third chapter, we chose spinal muscular atrophy (SMA) as a model to 
study the application of MMCA in detection of copy number variation (CNV). We 
developed two duplex systems to quantify the copy number of exon 7 and exon 8 in 
SMN1 and SMN2 gene associated with SMA. The copy number of three genes (SMN1, 
SMN2, RPP30) were simultaneously quantified. The accuracy of this method was 
evaluated using samples from SMA patients, carriers and normal people. 
 
Key words: Multicolor melting curve analysis; mtDNA heteroplasmy quantification; 
SMN copy number variation
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